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Chronic coronary artery disease (CAD) is estimated to 
affect 16.8 million people in the United States; of these, 

9.8 million have angina pectoris, and nearly 8 million have 
had a myocardial infarction (MI).1 In 2005, CAD was the 
single most frequent cause of death in American men and 
women, causing 607,000 deaths (about 1 in every 5 deaths).1 
In 2006, 1.76 million patients were discharged from US 
hospitals with a diagnosis of CAD. The estimated direct 
and indirect economic cost of CAD in the United States for 
2009 is $165.4 billion.1 Worldwide, cardiovascular disease 
is becoming pandemic as developing countries experience 
the epidemiologic transition described by Omran from pes-
tilence and famine to receding pandemics and degenerative 
diseases.2 In 2002, out of 57 million deaths worldwide, ap-

On completion of this article, you should be able to: (1) integrate the information obtained from a history, physical examina-
tion, and a stress test to diagnose and stratify the risk of patients with chronic coronary artery disease; (2) apply evidence-
based management strategies to improve survival in patients with chronic coronary artery disease; and (3) determine when 
revascularization is indicated in a patient with chronic coronary artery disease, and, if indicated, choose the preferred 
method for each patient.
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Coronary artery disease (CAD) is the single most common cause 
of death in the developed world, responsible for about 1 in every 
5 deaths. The morbidity, mortality, and socioeconomic importance 
of this disease make timely accurate diagnosis and cost-effective 
management of CAD of the utmost importance. This comprehen-
sive review of the literature highlights key elements in the diag-
nosis, risk stratification, and management strategies of patients 
with chronic CAD. Relevant articles were identified by searching 
the PubMed database for the following terms: chronic coronary 
artery disease or stable angina. Novel imaging modalities, pharma-
cological treatment, and invasive (percutaneous and surgical) in-
terventions have revolutionized the current treatment of patients 
with chronic CAD. Medical treatment remains the cornerstone of 
management, but revascularization continues to play an important 
role. In the current economic climate and with health care reform 
very much on the horizon, the issue of appropriate use of revascu-
larization is important, and the indications for revascularization, in 
addition to the relative benefits and risks of a percutaneous vs a 
surgical approach, are discussed.
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tional flow reserve; LAD = left anterior descending artery; LBBB = left 
bundle branch block; LV = left ventricular; MI = myocardial infarction; 
MRI = magnetic resonance imaging; OMT = optimal medical therapy; 
PCI = percutaneous coronary intervention; SYNTAX = Synergy Between 
PCI With TAXUS and Cardiac Surgery

proximately 16.7 million were due to cardiovascular dis-
ease (as compared with approximately 5 million due to 
tuberculosis, human immunodeficiency virus, and malaria 
combined), and 80% of these cardiovascular deaths were 
in the developing world.3 Coronary artery disease (includ-
ing acute MI) is responsible for about half of these cardio-
vascular deaths.4 Mortality from cardiovascular disease is 
predicted to reach 23.4 million in 2030. Moreover, in the 
developing world, cardiovascular disease tends to affect 
people at a younger age and thus could negatively affect 
the workforce and economic productivity.5 The morbidity, 
mortality, and socioeconomic importance of CAD make its 
diagnosis and management fundamental for all practicing 
physicians.
 The article provides a state-of-the-art review of the liter-
ature on chronic CAD for interested physicians; appropriate 
articles were identified by searching the PubMed database 
for the following terms: chronic coronary artery disease 
or stable angina. This article highlights key points in diag-
nosis and risk stratification and delineates evidence-based 
management strategies for patients with chronic CAD, with 
particular emphasis on the indications for revascularization 
and the preferred method for each patient.

DIAGNOSIS OF CHRONIC CAD

Chronic stable angina, the initial manifestation of CAD in 
approximately 50% of all patients,6 is usually caused by the 
obstruction of at least 1 large epicardial coronary artery by 
atheromatous plaque. Angina is due to the mismatch be-
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tween myocardial oxygen demand and supply, resulting in 
myocardial ischemia. Angina pectoris is characterized by 
substernal discomfort, heaviness, or a pressure-like feel-
ing, which may radiate to the jaw, shoulder, back, or arm 
and which typically lasts several minutes. These symptoms 
are usually brought on by exertion, emotional stress, cold, 
or a heavy meal and are relieved by rest or nitroglycerin 
within minutes. Symptoms can be classified as character-
istic of typical angina, atypical angina, or noncardiac chest 
pain, depending on whether the chest pain characteristics 
meet all 3, 2, or less than 2 of the aforementioned criteria, 
respectively (Diamond classification7). The Canadian Car-
diovascular Society (CCS)’s grading for angina severity8 
has gained widespread popularity (Table 1).
 Anginal “equivalents,” such as epigastric discomfort, 
dyspnea, fatigue, or faintness, may be the dominant symp-
tom in some patients, particularly elderly ones. Coronary 
artery disease may be asymptomatic or present with such 
complications as an acute coronary syndrome (unstable an-
gina or MI), congestive heart failure, cardiac arrhythmias, 
or sudden death.
 Physical examination is often unrevealing in patients 
with stable angina. Nonetheless, examination to check for 
the presence of such comorbid conditions as hypertension, 
tobacco stains,  chronic lung disease (smoking), xanthelas-
ma (hyperlipidemia), and evidence of noncoronary athero-
sclerotic disease (decreased peripheral pulses, carotid or 
renal artery bruits, abdominal aortic aneurysm) is essential 
because these findings may be important in determining 
the risks and benefits of a comprehensive treatment strat-
egy and the need for additional investigations. Cardiac 
auscultation, particularly during an episode of chest pain, 
can reveal a third or fourth heart sound due to transient 
left ventricular (LV) dysfunction or a mitral regurgitation 
murmur due to papillary muscle dysfunction during myo-
cardial ischemia. Bibasilar rales may be indicative of con-
gestive heart failure.
 The importance of estimating the probability of substan-
tial CAD by obtaining a detailed history and performing a 
risk factor assessment and focused physical examination 
cannot be overemphasized. Knowing the prevalence of 
CAD in the population helps the physician estimate pre-
test probability9,10 (Table 2). Risk factors, such as smok-
ing, hypertension, diabetes, hyperlipidemia, and a family 
history of MI before age 60 years, increase the likelihood 
of CAD.12,13 Resting electrocardiography  should be per-
formed in all patients with suspected angina, although 
findings may be normal in approximately half of patients 
with stable angina, including those with severe CAD,14  
particularly in the setting of preserved LV function.15 
Electrocardiographic evidence of ST-T wave changes or 
LV hypertrophy (even though nonspecific) favor the di-

agnosis of angina, and prior Q wave MI on electrocardi-
ography is highly suggestive of underlying CAD.16 Vari-
ous conduction disturbances, most frequently left bundle 
branch block (LBBB) and left anterior fascicular block, 
may occur in patients with stable angina and are often 
associated with impairment of LV function and reflect 
multivessel disease or previous myocardial damage. Dur-
ing an episode of angina pectoris, 50% of patients with 
normal findings on resting electrocardiography develop 
electrocardiographic abnormalities, with the most com-
mon finding being ST-segment depression. However, ST-
segment elevation and normalization of previous resting 
ST-T wave depression or inversion (pseudonormalization) 
may also develop.
 Noninvasive stress tests, although extremely helpful 
tools, are often underused in the United States and the 
United Kingdom in patients undergoing percutaneous coro-
nary intervention (PCI)17,18; however, they may  perhaps be 
overused in other situations.19 These tests are most useful 
in patients with an intermediate pretest probability of CAD 
because in such patients the results of the stress test, wheth-
er positive or negative, will have the greatest effect on the 
posttest probability (according to Bayesian principles) and 
consequently on clinical management. Several noninvasive 
stress tests are available; sensitivity and specificity of the 

TABLE 1. Modified Canadian Cardiovascular Society Grading  
for Angina Severity 

Class I Angina occurs with strenuous or rapid or prolonged exertion
Class II Angina occurs with moderate exertion (eg, walking >2   
  blocks on  level ground and climbing >1 flight of ordinary  
  stairs at a normal pace and in normal conditions; walking  
  uphill; or walking or climbing stairs rapidly, in the cold, in  
  wind, under emotional stress, or during the first few hours  
  after awakening)
Class III Angina occurs with mild exertion (walking 1 or 2 blocks on  
  level ground and climbing 1 flight of stairs in normal  
  conditions and at a normal pace)
Class IV Angina occurs with any level of exertion and may be present  
  at rest

Adapted from Circulation,8 with permission from Wolters Kluwer Health.

TABLE 2. Pretest Likelihood of Coronary Artery Disease  
in Symptomatic Patients According to Age and Sex 

 Nonanginal Atypical Typical
 chest pain angina angina

 Age (y) Men Women Men Women Men Women

 30-39 4 2 34 12 76 26
 40-49 13 3 51 22 87 55
 50-59 20 7 65 31 93 73
 60-69 27 14 72 51 94 86

Data are reported as percentage of patients.
From the American College of Cardiology/American Heart Association 
guidelines,11 with permission from Wolters Kluwer Health.
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various tests are shown in Table 3.11,20-22 These data have 
been obtained from small studies with catheterization 
laboratory referral biases with a high pretest likelihood 
of CAD. Exercise electrocardiography is a good initial 
choice in patients who can exercise and who have normal 
electrocardiographic findings at rest11; however,  in many 
other situations an imaging technique is preferred. Im-
aging studies are recommended for patients whose find-
ings on resting electrocardiography make the relevance 
of changes with stress (LBBB, ST-segment depression ≥1 
mm, ventricular paced rhythm, or Wolff-Parkinson-White 
syndrome) difficult to assess, for patients who have had 
previous coronary revascularization, and for patients in 
whom clinical evaluation and exercise electrocardiogra-
phy have provided insufficient information to guide man-
agement. A pharmacological imaging test is required if 
the patient is unable to exercise (due to orthopedic limita-
tions, frailty, deconditioning, symptomatic heart failure, 
cardiac arrhythmia, acute pulmonary embolus, acute aortic 
dissection, acute myopericarditis, and possibly acute MI 
within the previous 48 hours). The choice between stress 
nuclear imaging vs stress echocardiography in many cas-
es should depend on the local expertise of the laboratory. 
Adenosine or dipyridamole nuclear perfusion imaging is 
the preferred test for patients with LBBB or ventricular 
paced rhythm because of increased false-positive findings 
with exercise or dobutamine echocardiography. In obese 
patients or women with large breasts, positron emission 
tomography stress may be superior to conventional myo-
cardial perfusion imaging because of its ability to perform 
attenuation correction. Magnetic resonance imaging (MRI) 
is an exciting new stress imaging technique that may be 
used for both adenosine perfusion and dobutamine wall 
motion imaging; however, it is not widely available.
 The American College of Cardiology/American Heart 
Association guidelines11 discourage use of noninvasive  
testing for CAD in asymptomatic patients, except in those 
with evidence of possible myocardial ischemia on ambu-
latory electrocardiography or with severe coronary cal-

cification on electron-beam computed tomography (CT). 
Screening of asymptomatic patients with type 2 diabetes 
does not reduce MI or death and is not recommended.23

 Invasive coronary angiography may be indicated for 
diagnostic purposes in all patients who have survived sud-
den cardiac death, in patients with a high pretest probabil-
ity of having left main or 3-vessel disease, and in patients 
who cannot undergo noninvasive testing. Other indications 
include patients with uncertain diagnosis on noninvasive 
testing, high-risk occupational requirements (eg, pilots), 
clinically suspected nonatherosclerotic causes of ischemia 
or possible vasospasm with need for provocative testing, 
multiple hospital admissions, or an overriding patient de-
sire for definitive diagnosis of the presence or absence of 
obstructive disease.11

Risk stRatification of Patients With chRonic caD
The major clinical and angiographic predictors of survival 
of patients with CAD are as follows: (1) LV function, (2) 
anatomic extent and severity of coronary atherosclerosis, 
(3) severity of ischemia, (4) tempo and severity of angina 
and/or the presence of recent plaque rupture, and (5) the 
patient’s general health and noncoronary comorbid con-
ditions. Other noncardiovascular factors that may be de-
terminants of overall mortality, including ethnicity (south 
Asian), socioeconomic status, drug adherence, depression, 
and modification of risk factors, are not addressed in this 
section but nonetheless may exert a substantial contribu-
tory influence on prognosis.
 Despite a growing reliance on noninvasive or inva-
sive testing, history and physical examination continue 
to be helpful in assessing the severity of CAD. Pryor et 
al12 identified 11 clinical characteristics—typical angina, 
previous MI, age, sex, duration of symptoms, hyperten-
sion, diabetes, hyperlipidemia, smoking, carotid bruit, 
and chest pain frequency—and formulated a model using 
these characteristics to accurately estimate the likelihood 
of severe disease in a patient. An easy to use 5-point car-
diac risk score was developed by Hubbard et al24 using 
male sex, typical angina, history or electrocardiographic 
evidence of MI, diabetes, and use of insulin as risk factors 
for predicting severe CAD (3-vessel or left main) at differ-
ent ages (Figure 1).
 Resting electrocardiography is helpful in risk stratifi-
cation. The prognosis of patients with normal findings on 
electrocardiography is usually excellent because normal 
electrocardiographic findings imply normal LV function.15 

In contrast, such abnormalities as Q waves, ST-T chang-
es, LV hypertrophy,25 LBBB, bifascicular block, second 
and third degree atrioventricular block, atrial fibrillation, 
and ventricular arrhythmias26 are associated with a worse 
prognosis.

TABLE 3. Sensitivity and Specificity of Noninvasive Stress Tests 
for the Diagnosis of Coronary Artery Disease

 Noninvasive stress test Sensitivity Specificity

Exercise electrocardiography 0.68 0.77
Exercise SPECT  0.87 0.73
Adenosine SPECT  0.89 0.75
Adenosine PET  0.89 0.86
Exercise echocardiography 0.86 0.81
Dobutamine echocardiography 0.82 0.84
Dobutamine magnetic resonance imaging 0.89 0.84
Adenosine magnetic resonance imaging 0.84 0.85

PET = positron emission tomography; SPECT = single-photon emission 
computed tomography.
Data from references 11 and 20-22.
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 Left ventricular function is a major predictor of long-
term survival in patients with CAD27 (Figure 2, A), and 
end-systolic LV volume was found to be the best predic-

tor of survival after MI.28 Assessment of LV function, 
usually with echocardiography, is appropriate in patients 
with symptoms or signs of heart failure, a history of MI, or 
pathologic Q waves on electrocardiography.
 Exercise electrocardiographic testing is recommended 
as the first choice for all patients with an intermediate or 
high probability of CAD, except for those who cannot ex-
ercise or have electrocardiographic abnormalities that com-
promise interpretation or those for whom the information is 
unlikely to alter management. Risk should also be stratified 
for patients with known chronic CAD who have a marked 
change in the severity of cardiac symptoms with exercise 
electrocardiography. A useful tool for calculating risk is the 
Duke treadmill score,29 which incorporates exercise capac-
ity, ST-segment deviation, and angina as major risk determi-
nants. The score is calculated using the following formula: 
Exercise Time in Minutes – (5 × the Maximum ST-Segment 
Deviation in Millimeters) – (4 × the Angina Index [0, no 
pain; 1, angina; and 2, angina that caused discontinuation of 
the test]) (Table 4). Other risk factor determinants include 
extensive and prolonged ST-segment depression, transient 
ST-segment elevation, abnormal heart rate recovery, and 
delayed systolic blood pressure response to exercise.11
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FIGURE 1. Composite graph estimating the probability of severe 
coronary artery disease on the basis of a 5-point risk score that 
awards 1 point for each of the following variables: male sex, typical 
angina, history or electrocardiographic evidence of myocardial infarc-
tion, diabetes, and use of insulin. Each curve shows the probability 
of severe disease as a function of age for a given risk score. 
From Arch Intern Med,24 with permission. Copyright ©1992 Ameri-
can Medical Association. All rights reserved.

FIGURE 2. Survival of medically treated patients with coronary artery disease according to ejection fraction 
(EF) and number of diseased vessels. A, Patients with 1-, 2-, or 3-vessel disease by EF; B, patients with 
1-vessel disease by EF; C, patients with 2-vessel disease by EF; and D, patients with 3-vessel disease by EF.  
From Circulation,27 with permission from Wolters Kluwer Health.
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 The incremental value of imaging tests as the initial test-
ing modality vs exercise electrocardiography is controver-
sial,30 but they are the first choice in patients with electro-
cardiographic abnormalities that preclude interpretation of 
the exercise tracing or in patients who are taking digoxin. 
Imaging tests may provide additional information regarding 
the extent, severity, and location of myocardial jeopardy; 
an estimate of the extent of irreversible scar tissue; and LV 
function. Stress imaging studies are also indicated for as-
sessment of the functional implications of coronary lesions 
in planning PCI.11 Risk stratification on the basis of the re-
sults of noninvasive stress testing is shown in Table 5.
 Coronary angiography, which helps stratify risk in pa-
tients on the basis of the extent and location of atheroscle-
rosis, is indicated in patients who have high-risk criteria 
on noninvasive testing, patients who have angina and signs 
and symptoms of congestive heart failure, patients who 

have survived sudden cardiac arrest or serious ventricular 
arrhythmias, and as a first test in patients with CCS class III 
or IV angina despite medical therapy. Coronary angiogra-
phy is acceptable for patients with CCS class I or II angina 
who are intolerant to medication, whose lifestyle is still 
impaired by these symptoms, who have LV dysfunction, or 
whose risk status is uncertain after noninvasive testing. A 
low threshold for angiographic evaluation is recommend-
ed for patients with angina who have undergone previous 
revascularization and in patients with a history of MI.31

 The extent and severity of coronary atherosclerotic 
disease and LV dysfunction identified on cardiac catheter-
ization are the most powerful predictors of long-term out-
come27,32 (Figure 2, B-D). Several prognostic indices have 
been used to quantify the extent of severity of CAD, but the 
simplest classification into 1-, 2-, or 3-vessel CAD or  left 
main CAD is the most widely used and is effective.33 Ad-
ditional risk stratification is provided by the severity of ob-
struction and its location, with proximal lesions predicting 
reduced survival rate (Figure 3).32 Quantifying the extent 
of coronary disease, including nonobstructive lesions, also 
adds to risk stratification.34

caRDiac ct anD MRi

Coronary artery calcium scanning with CT is a screening 
tool that has no role in patients with established CAD in 
whom the presence of coronary artery calcification is a 
given. Furthermore, the specificity of the coronary calcium 
score for obstructive coronary lesions is low.11,35 Although 
CT coronary angiography is showing promise for nonin-
vasive detection of obstructive CAD in major epicardial 
arteries, it is still limited by a high number of false-positive 
results (up to 50% with severe calcification and coronary 
stents), specific patient selection (heart rate must be reg-
ular and <70 beats/min; patient must hold breath for 15 
seconds), and high-dose radiation exposure.36,37 Magnetic 
resonance imaging may be used for stress perfusion or stress 
wall motion imaging (Table 3) as well as noninvasive coro-
nary angiography.22,38 Most heart valve prostheses and vas-
cular stents are compatible with MRI; however,  MRI cannot 
be used in the presence of certain implanted metal objects 
or medical devices, such as pacemakers or implantable car-
dioverter-defibrillators.39 However, electronic rhythm man-
agement devices and other cardiovascular devices are being 
developed that could be compatible with MRI.

MANAGEMENT OF CHRONIC CAD

Management of CAD has 2 main goals: to reduce symp-
toms and ischemia and to prevent MI and death. These 
are modulated by different mechanisms: symptoms and 
ischemia, by the insufficient oxygen supply/demand ra-

TABLE 4. Survival According to Risk Groups 
on the Basis of Duke Treadmill Scores

   5-y survival
  5-y survival free of death or MI 
 Risk group (%) (%)

 Low (≥5)  97 93
 Moderate (–10 to 4) 91 86
 High (≤–11) 72 63

TABLE 5. Risk Stratification on the Basis of Noninvasive Testing

High risk (>3% annual mortality rate)
 Severe resting LV dysfunction (LVEF <35%)
 High-risk treadmill score (≤–11)
 Severe exercise LV dysfunction (exercise LVEF <35%)
 Stress-induced large perfusion defect (particularly if anterior)
 Stress-induced multiple perfusion defects of moderate size
 Large, fixed perfusion defect with LV dilation or increased lung  
  uptake (thallium-201)
 Stress-induced moderate perfusion defect with LV dilation or  
  increased lung uptake (thallium-201)
 Echocardiographic wall motion abnormality (involving >2  
  segments) developing with low dose of dobutamine (≤10 μg/kg/ 
  min) or at a low heart rate (<120 beats/min)
 Stress echocardiographic evidence of extensive ischemia
Intermediate risk (1%-3% annual mortality rate)
 Mild/moderate resting LV dysfunction (LVEF, 35%-49%)
 Intermediate-risk treadmill score (–10 to 4)
 Stress-induced moderate perfusion defect without LV dilation or  
  increased lung intake (thallium-201)
 Limited stress echocardiographic ischemia with a wall motion  
  abnormality only with higher doses of dobutamine involving  
  ≤2 segments
Low risk (<1% annual mortality rate)
 Low-risk treadmill score (≥5)
 Normal or small myocardial perfusion defect at rest or with stress
 Normal stress echocardiographic wall motion or no change of 
  limited resting wall motion abnormalities during stress

LV = left ventricular; LVEF = LV ejection fraction.
From the American College of Cardiology/American Heart Association 
guidelines,11 with permission from Wolters Kluwer Health.
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tio (usually due to coronary atherosclerosis); and MI and 
death, usually by unstable coronary artery plaque rupture. 
Medical management is pivotal in all patients with CAD. 
The first step is to identify and treat any associated dis-
eases that can precipitate angina by increasing myocardial 
oxygen demand (such as tachycardia and hypertension) 
or by decreasing the amount of oxygen delivered to the 
myocardium (such as heart failure, pulmonary disease, or 
anemia). The second step is to manage CAD risk factors as 
well as to prevent MI with lifestyle changes and pharmaco-
logical treatment, as shown in Table 6.40-74 In 2006, despite 
therapeutic advances, 9.8 million patients had angina in the 
United States,1 and thus the beneficial effect of aggressive 
secondary prevention cannot be overemphasized. The recog-
nition of the importance of optimal medical therapy (OMT) 
is transforming patient management, both in patients un-
dergoing coronary revascularization and in patients treated 
conservatively. Optimal medical therapy remains the corner-
stone of management in all patients with CAD because it is 
logical, relatively inexpensive, and undeniably effective in 
improving long-term outcomes. The challenge is to imple-
ment these measures in all patients with CAD.

inDications foR coRonaRy RevasculaRization

The indications for coronary revascularization continue to 
evolve as scientific and technological advances improve 
both the outcomes obtained with OMT and the techniques 
of revascularization. A critical issue is the extent to which 

all forms of therapy are appropriately used on the basis of 
the guidelines and appropriateness criteria, particularly 
with regard to the costs and affordability of health care.
 The benefits of coronary revascularization in reducing 
cardiac events and death have been widely accepted in the 
context of acute coronary syndromes with ST-segment 
elevation MI75,76 and non–ST-segment elevation MI.76,77 
However, the benefits of revascularization therapy for pa-
tients with chronic stable angina in regard to the “hard” 
end points of death and MI are much more controversial. 
In patients considered at higher risk, even in the setting of 
chronic stable angina, coronary revascularization is gener-
ally accepted as beneficial and indeed is acknowledged to 
have revolutionized the treatment of CAD during the past 
30 years. In 2002, the American Heart Association/Ameri-
can College of Cardiology guidelines for management of 
chronic stable angina11 recommended coronary revascu-
larization for symptom relief in patients with refractory 
symptoms despite OMT or for survival benefit in patients 
at high clinical risk of death based on noninvasive test-
ing (moderate to large areas of reversible ischemia with 
or without LV dysfunction) or on angiography (left main 
stem, 3-vessel, or proximal left anterior descending artery 
[LAD] disease). Despite the recent furor over revascular-
ization vs medical therapy (and particularly PCI) gener-
ated primarily by the COURAGE trial78 and 2 recent meta-
analyses,79,80 these basic recommendations remain logical 
and reasonable.76

FIGURE 3.  Five-year survival rate in patients according to severity and proximity of coronary artery lesions and 
adjusted hazard ratios for coronary artery bypass grafting (CABG) vs medical treatment. 95% = 95% coronary 
artery stenosis; LAD = left anterior descending artery; VD = number of diseased vessels.
From J Thorac Cardiovasc Surg,32 with permission from Elsevier.

Group VD 95% LAD
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survival

(%) CABG better Medicine better

1 1 No 92 93

2 1 Yes 91 91

3 2 No 90 88

4 2 Yes 90 86

5 1 Yes 95% proximal 89 83
2 Yes 95%

6 2 Yes 95% proximal 89 79
3 No Yes

7 3 Yes Yes 88 73

8 3 Yes Proximal 86 67

9 3 Yes 95% proximal 85 59
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Hazard ratio

5-y
survival

(%)



CHRONIC CORONARY ARTERY DISEASE

Mayo Clin Proc.    •    December 2009;84(12):1130-1146    •    doi:10.4065/mcp.2009.0391    •    www.mayoclinicproceedings.com1136

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

TABLE 6. Cardiovascular Risk Reduction for Patients With Coronary Artery Diseasea,b

 Risk factor
 or treatment Recommended management Benefit of treatment

Physical activity 30-45 min of physical activity 7 d/wk (minimum, 5 d/wk) Manages CAD risk factors
  Cardiac rehabilitation for patients at risk (eg, recent MI or CHF) Improves exercise tolerance and psychological  
      well-being40

     Decreases hospitalizations and revascularizations41

     Decreases mortality rates after MI42

Weight Aim for BMI of 18.5-24.9 kg/m2 Manages CAD risk factors
 management Aim for waist circumference of <89 cm (35 in) in women and <102 cm (40 in) Decreases cardiac and all-cause mortality43

    in men 
Smoking Avoidance of exposure to tobacco smoke Decreases nonfatal MI and all-cause mortality44

 cessation    Less angina due to slower atherosclerosis 
      progression, less coronary vasoconstriction,
      and better oxygenation

Blood pressure  Lifestyle modifications (weight control, physical activity, moderation of Every 20-mm Hg systolic BP increase or
 control  alcohol consumption, limited sodium intake, and  10-mm Hg diastolic BP increase above 
    diet high in fresh fruits, vegetables, and low-fat dairy products)  115/75 mm Hg results in a 2-fold increase  
  BP control according to Joint National Conference VII guidelines  in CAD45

   (BP <140/90 mm Hg or <130/80 mm Hg for patients with diabetes Decreases CAD, CHF, cardiovascular events,  
   or chronic kidney disease)45  stroke, cardiovascular mortality, and
  Treat initially with β-blockers and/or ACE inhibitors, with addition of   all-cause mortality46

   other drugs as needed to achieve target BP Regression of LV hypertrophy, which is a  
      strong risk factor for the development of MI,  
      CHF, and sudden death16

Lipid Diet low in saturated fats (<7% of total calories), transfatty acids, and Decreases cardiac mortality, all-cause mortality,
 management  cholesterol (<200 mg/d)  nonfatal MI, stroke, and revascularization48,49

  Daily physical activity and weight management Regression of atherosclerosis50 
  Plant stanol/sterols (2 g/d), viscous fiber (>10 g/d) for LDL-C reduction, Anti-inflammatory effect51 
   and omega-3 fatty acids (1 g/d) for risk reduction 
  Drug therapy with lipid-lowering agents (first choice: statins) should be  
   used if LDL-C level  is ≥100 mg/dL to aim for a 30%-40% reduction in 
   LDL-C level to a goal of <70 mg/dL
  If baseline LDL-C level is 70-100 mg/dL, it is reasonable to treat to an 
   LDL-C level of <70 mg/dL
  If triglyceride levels are >200 mg/dL, non–HDL-C level should be <130 mg/dL
   (and further reduction to <100 mg/dL is reasonable) with niacin or fibrates47

Diabetes  Aim for HbA
1c

  level of <7% with lifestyle and pharmacotherapy Possible reduction in nonfatal MI, stroke,  
 management    and death52,53

Antiplatelet Aspirin (75-162 mg/d) should be started and continued indefinitely unless Reduce nonfatal MI, stroke, and 
 agents  contraindicated  cardiovascular death57

  Clopidogrel (75 mg/d) may replace aspirin if aspirin is absolutely 
   contraindicated54

  After non–ST-segment elevation acute coronary syndrome, clopidogrel 
   (75 mg/d) should be given for 1 y55

  After CABG, aspirin (162-325 mg/d) should be given for 1 y; then
   aspirin (75-162 mg/d) should be continued indefinitely
  After PCI, aspirin (162-325 mg/d) should be given for at least 1 mo after
   BMS implantation, 3 mo after sirolimus-eluting stent implantation, and
   6 mo after paclitaxel-eluting stent implantation56; then aspirin 
   (75-162 mg/d) should be continued indefinitely
  For all post-PCI stented patients receiving a DES, clopidogrel (75 mg/d) 
   should be given for at least 12 mo if patients are not at high risk of bleeding. 
  For post-PCI patients receiving a BMS, clopidogrel should be given for a 
   minimum of 1 mo and ideally up to 12 mo56

β-Blockers Start and continue β-blocker therapy indefinitely in all patients with a Reduce death and nonfatal MI in patients
   past MI, acute coronary syndrome, or LV dysfunction unless  who have had a previous MI58,59

   contraindicated Symptomatic improvement of angina60 by
  Use as needed for angina, hypertension, and rhythm management  decreasing myocardial oxygen demand 
  Contraindicated in severe bradycardia, high-grade or second-degree   (decreased inotropy, chronotropy, and hyper- 
   atrioventricular block, sick sinus syndrome, and severe asthma  tension) and increasing myocardial oxygen  
      supply (increased duration of diastole)
     BP control

(Continued on next page)
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 Moreover, there is a long history of neutral trials com-
paring coronary revascularization vs medical therapy in 
lower-risk patients with chronic stable angina. Possible 
reasons for these neutral results include inadequate sample 
sizes and low event rates in this low-risk population. The 
earliest trials of coronary revascularization, specifically cor-
onary artery bypass grafting (CABG), vs medical therapy in 
patients with chronic stable angina were conducted in the 
1970s and 1980s.81-83 Despite major advances in medical 
therapy (especially antiplatelet and lipid-lowering therapy) 
and surgical techniques (including the use of the internal 
mammary artery), the overall conclusions from these trials 
and associated registry studies remain valid today. Symp-
tomatic relief was better with CABG; however, no overall 
difference was observed in survival or freedom from MI 

with CABG vs medical therapy, except in patients consid-
ered at higher risk on the basis of left main disease, mul-
tivessel disease plus LV dysfunction, severe angina, and 
probably proximal LAD disease in conjunction with mul-
tivessel disease.84-86 Revascularization also seems to offer a 
survival benefit to patients with postinfarction angina. The 
concept of the greater the risk, the greater the benefit is il-
lustrated in Figure 3, which is based on data from the Duke 
University database, a large single-center registry study.32

 The next series of trials performed in the 1990s and 
2000s compared revascularization, specifically percutane-
ous balloon angioplasty, with medical therapy in patients 
with stable CAD. The most important information taken 
from these studies87-91 was that balloon angioplasty was 
associated with further symptomatic relief compared with 

Renin-angiotensin- Start ACE inhibitors and continue indefinitely in all patients with LVEF ACE inhibitors decrease cardiovascular death, 
 aldosterone   ≤40% and in those with hypertension, diabetes, or chronic kidney  all-cause death, nonfatal MI, stroke, 
 system blockers disease61 or in patients not at low risk, unless contraindicated  revascularization procedures, and CHF62,63

  Consider ACE inhibitors for all patients with CAD unless contraindicated  Angiotensin II receptor blockers have equal
  Angiotensin II receptor blockers may be used in patients intolerant   benefits compared with ACE inhibitors
   of ACE inhibitors  but the combination of both drugs does 
  Aldosterone blockade is recommended in post-MI patients without   not produce increased benefit64

   substantial renal dysfunction or hyperkalemia who are already receiving 
   therapeutic doses of ACE inhibitor and β-blocker and who have an LVEF 
   ≤40% and have either diabetes or heart failure

Nitrates Sublingual nitroglycerin or nitroglycerin spray for immediate relief of  Relieve symptoms only by increasing myocardial
   angina or for prophylaxis before exercise  oxygen supply (coronary artery vasodilatation
  Long-acting nitrates for symptom relief if β-blocker treatment alone is   and redistribution of blood flow to ischemic
   unsuccessful or is contraindicated. Nitrate-free interval required to   areas65) and decreasing myocardial oxygen
   decrease nitrate tolerance  demand (decreased preload and afterload)
     Additive symptom relief with   
      β-blocker66 
Calcium  For symptom relief if β-blocker treatment alone is Relieve symptoms only by reducing
 antagonists  unsuccessful or is contraindicated  myocardial oxygen demand (decreased
  Drug of choice for coronary vasospasm67  afterload ± decreased inotropy and
      chronotropy) and increasing myocardial  
      oxygen supply (coronary artery 
      vasodilatation ± increased duration of diastole)  
     Additive symptom relief with β-blocker68

Ranolazine Consider for patients with chronic angina for symptom relief69 Alters the transcellular sodium current, 
  Additive symptom relief to β-blockers or calcium antagonists70,71  resulting in decreased intracellular calcium
  Recently approved by FDA as a first-line chronic angina drug  and less ischemia
     Does not alter heart rate or BP and may reduce  
      arrhythmias
     Reduces HbA

1c
72

     No decrease in MI or death71

Influenza vaccine Annual vaccine recommended for all patients with CAD Decrease in cardiac events, rehospitalization,  
      and death during the influenza season73

a ACE = angiotensin-converting enzyme; BMI = body mass index; BMS = bare metal stent; BP = blood pressure; CABG = coronary artery bypass grafting; 
CAD = coronary artery disease; CHF = congestive heart failure; DES = drug-eluting stent; FDA = Food and Drug Administration; HbA

1c
 = hemoglobin 

A
1c

; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; LV = left ventricular; LVEF = LV ejection fraction;  
MI = myocardial infarction; PCI = percutaneous coronary intervention.

b SI conversion factors: To convert non–HDL-C and LDL-C values to mmol/L, multiply by 0.0259; to convert triglyceride levels to mmol/L, multiply by 
0.0113.

 Adapted from Circulation,74 with permission of the American Heart Association. Copyright ©2007.

TABLE 6. Continueda,b

 Risk factor
 or treatment Recommended management Benefit of treatment
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medical therapy alone but had no significant effect on the 
hard end points of MI and death, even though cross-over 
from medical therapy to revascularization was frequent (up 
to 50%). Subsequent trials comparing medical therapy vs 
PCI with stenting were again neutral, and a recent meta-
analysis summarizing 20 years of trials of PCI in patients 
with nonacute coronary artery disease found no evidence of 
any benefit on death or MI with PCI vs medical therapy.80 
The only 2 studies showing benefit of revascularization 
on death or MI, the Asymptomatic Cardiac Ischemia Pilot 
study92 and the SWISSI-2 (Swiss Interventional Study on 
Silent Ischemia Type II) trial,93 included patients with “silent 
ischemia” who had a prior MI in addition to left main CAD 
and LV dysfunction. Another recent meta-analysis94 demon-
strated a benefit for PCI on mortality, but this analysis had a 
number of flaws, the most important of which was inclusion 
of  post-MI patients. For current practice, the 2 most relevant 
trials of whether patients with stable CAD will have better 
outcomes when treated with OMT and revascularization vs 
OMT alone are the COURAGE (Clinical Outcomes Utiliz-
ing Revascularization and Aggressive Drug Evaluation) tri-
al78 and the BARI-2D (Bypass Angioplasty Revasculariza-
tion Investigation in Type 2 Diabetes) trial.95

 The COURAGE trial enrolled 2287 patients with greater 
than 70% coronary stenosis in at least 1 proximal epicar-
dial coronary artery and evidence of myocardial ischemia 
on stress testing or resting electrocardiography or patients 
with at least 1 coronary artery stenosis of at least 80% and 
classic angina without provocative testing. For the primary 
outcome, a composite of death and nonfatal MI, no statisti-
cal difference was found between the 2 groups after a mean 
follow-up of 4.6 years. Rates of angina were consistently 
lower in the PCI group than in the medical therapy group 
during follow-up but were no longer statistically significant 

at 5 years. Rates of subsequent revascularization were like-
wise lower in the PCI group. The recently published BARI-
2D trial,95 which evaluated 2368 patients with type 2 dia-
betes and CAD, 82% of whom had mild to moderate stable 
angina and 18% of whom had positive findings on a stress 
test, once again confirmed that there was no significant dif-
ference in the rate of survival between patients undergoing 
prompt revascularization (PCI or CABG) and those under-
going OMT. However, patients with diabetes who under-
went CABG (but not PCI) vs OMT alone had significantly 
fewer major cardiac events, driven mainly by a reduction in 
nonfatal MI. Percutaneous coronary intervention may pro-
vide no benefit in reducing death and nonfatal MI because 
it is directed at culprit lesions that cause symptoms and/or 
ischemia. However, good evidence shows that progression 
of disease and subsequent coronary events may occur as a 
result of plaque rupture at sites that were considered non-
obstructive stenoses on initial angiography, pointing to our 
current inability to predict “future” culprits.34 In contrast, 
it is becoming increasingly apparent that OMT, including 
aggressive control of risk factors and lifestyle modification, 
may greatly affect endothelial function and plaque stability 
and as such could reduce the incidence of future coronary 
events. Secondary prevention is currently an essential com-
ponent of management, whether by revascularization or 
pharmacological treatment. These trials make the point that, 
in a selected subset of patients with stable CAD at low to 
moderate risk who underwent angiography before random-
ization, an initial trial of medical therapy is reasonable with 
the option of proceeding to revascularization if symptoms 
and quality of life do not improve with medical therapy 
alone. In general, these results support the guidelines and 
raise questions about the appropriate use of coronary revas-
cularization, in particular PCI.
 A relatively small nuclear perfusion substudy96 from 
COURAGE reinforces the logical precept that the extent 
of ischemia is an important determinant of long-term out-
comes97-99 (Figure 4). This substudy showed that, in patients 
with ischemia on nuclear perfusion, the percent reduction in 
ischemia with PCI was superior to that with OMT and that 
patients with less ischemia had lower rates of death or MI. 
Ischemia may be used as an indicator for a more aggressive 
approach in such patients; however, this does not negate 
the overall results and conclusions from the COURAGE 
trial. Although data suggest that revascularization of viable 
myocardium in patients with LV dysfunction and symp-
toms of congestive heart failure may improve survival,100 
this benefit has not yet been definitively proven and awaits 
the results of the ongoing STICH (Surgical Treatment for 
Ischemic Heart Failure) trial.101

 Not all apparently significant stenoses on visual inspec-
tion are hemodynamically relevant, and a recent small trial 

FIGURE 4. Revascularization vs medical therapy as a function of per-
centage of ischemic myocardium.
From Circulation,99 with permission from Wolters Kluwer Health.
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showed the benefits of targeted revascularization on the 
basis of an objective measurement of hemodynamic sever-
ity.102 In this trial, fractional flow reserve (FFR)–guided 
(<0.80) PCI was superior to angiography-guided PCI for 
increasing survival free of MI or revascularization. Con-
versely, PCI in patients with stenotic lesions but a normal 
FFR (≥0.75) was associated with worse event-free surviv-
al.103 In summary, in the absence of symptoms or ischemia, 
revascularization is not indicated because lesions that may 
be future “culprits” in regard to subsequent MI or death 
cannot be identified at this time using current methodolo-
gies. The search for the location of future plaque ruptures 
or erosions leading to MI (so-called vulnerable plaques) 
is an important area of cardiovascular research and could 
potentially change drastically how CAD is diagnosed and 
treated.
 A valid question arising from the COURAGE and other 
trials is whether current use of coronary revasculariza-
tion, and in particular PCI, is appropriate or excessive. 
Only 44.5% of patients have noninvasive stress testing 
before PCI in the United States, with a substantial varia-
tion according to geography (22%-71%).17 These numbers 
are  remarkably similar to those in the United Kingdom, 
where 43% of patients have stress testing before PCI.18 
Furthermore, revascularization rates also vary widely, with 
an 83% higher rate in Florida than in Oregon. Revascular-
ization rates depend on race (28% variation) and cardiac 
catheterization rates (68% variation), which in turn depend 
on hospital admission rates for CAD as well as the num-
ber of cardiac surgeons and interventionalists in the local 
population.104 Inappropriate use of PCI may be as high as 
43% in stable CAD105; however,  underuse of coronary an-
giography (57%-71%), PCI (34%), and CABG (26%) is 
also common in clinically indicated cases, and the rate of 
coronary events is higher in patients who have not under-
gone revascularization despite clinical indication. 106,107 In 
the United Kingdom, coronary angiography is underused 
in older people, women, south Asians, and people from de-
prived areas.108 Appropriateness of CABG in northern New 
England in 2008 was 87.7%.109

PRefeRReD MethoD of RevasculaRization

Two methods of revascularization are well established for 
CAD: CABG, introduced in 1968, and PCI. Percutaneous 
coronary intervention includes percutaneous balloon an-
gioplasty, introduced in 1977, and stenting with bare metal 
stents (BMSs), in use since 1995, or drug-eluting stents 
(DESs), in use since 2003. Of an estimated 1.3 million pa-
tients undergoing PCI procedures in the United States in 
2006, 91% had a stent inserted (>70% of which were DES 
stents).1 In 2006, 253,000 patients underwent CABG in the 
United States.  The mean cost was $48,000 for PCI and 

$100,000 for CABG.1 In a population-based observational 
study from Olmsted County, MN, revascularization use in-
creased by 24% from 1990 to 2004, but the trends diverged 
by procedure type, with a sustained increase for PCI (69%) 
vs a stabilization and then a decline for CABG (–33%).110

 During the past 30 years, multiple trials have attempted 
to find the preferred method of revascularization for pa-
tients with stable CAD. Trials have compared balloon an-
gioplasty vs BMS, BMS vs DES, balloon angioplasty vs 
CABG, and BMS vs CABG. In all these trials, no differ-
ence in the incidence of death or nonfatal MI was observed 
between these methods of revascularization.80,111 Bare-met-
al stents decreased the rate of restenosis and the need for  
an additional PCI compared with balloon angioplasty.112 
Drug-eluting stents further decreased the rate of in-stent 
restenosis and need for target lesion revascularization by 
30% to 70% compared with BMS but did not improve sur-
vival or decrease the risk of MI up to 4 years after im-
plantation.113 Rates of early (≤1 month) and late (>1 month 
to <1 year) stent thrombosis did not differ significantly 
between BMS and DES, but a slight increase in very late 
(>1 year) stent thrombosis (which is not associated with 
increased mortality or MI compared with BMS) was noted 
with DES.114

 Patients with multivessel disease who undergo CABG 
have been shown to require less additional revasculariza-
tion than those undergoing PCI111,115; however, no survival 
advantage has been demonstrated, except for diabetic pa-
tients in the BARI trial.116 Recent meta-analyses have had 
conflicting conclusions regarding this survival advantage 
in diabetic patients.111,115 Whether this survival difference 
in diabetic patients in favor of CABG still applies in the 
current era will depend to some extent on the long-term 
follow-up of the SYNTAX (Synergy Between PCI With 
TAXUS and Cardiac Surgery) trial and the results of the on-
going National Heart, Lung, and Blood Institute –sponsored 
FREEDOM (Future Revascularization Evaluation in 
Patients with Diabetes Mellitus: Optimal Management of 
Multivessel Disease) trial. Meta-analysis of the 4 most 
important trials of PCI with BMS vs CABG (ERACI-II 
[Argentine Randomized Trial of Percutaneous Translumi-
nal Coronary Angioplasty Versus Coronary Artery Bypass 
Surgery in Multivessel Disease],117 Stent or Surgery trial,118 
ARTS [Arterial Revascularization Therapy Study],119 and 
MASS-II [Medicine, Angioplasty, or Surgery Study-II] 
trial120) once again showed similar long-term safety pro-
files but increased need for revascularization in the BMS 
vs CABG group.121 The large New York state registry of 
60,000 patients illustrated a selection bias toward CABG 
for patients at higher risk, with no difference in unadjusted 
survival between CABG and stenting, but a significant dif-
ference when the outcomes were adjusted for risk factors 
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in patients with 2-vessel disease with proximal LAD steno-
sis.122 These findings highlight the role of clinical judgment 
in selecting optimal therapy for the individual patient. We 
must be cognizant that study trials may have entry and/or 
selection bias, resulting in skewing of results because of 
inherent differences between patients who are enrolled in 
studies and the general population of patients.123

 Results were recently published from the SYNTAX 
trial, in which patients with previously untreated left main 
stem or 3-vessel disease were randomly assigned to under-
go state-of-the-art CABG or PCI with DES.124 At follow-up 
12 months after the intervention, no difference in the com-

posite end point of death, MI, or stroke was noted between 
the 2 groups, but the patients in the PCI group needed ad-
ditional revascularization more often than did the CABG 
group (Figure 5, A-C). The rate of stroke was higher in 
the CABG group, perhaps because of the decreased use of 
antiplatelet agents. Furthermore, the investigators used an 
angiographic grading tool (the SYNTAX score) to deter-
mine the complexity of CAD. The SYNTAX score is the 
sum of the points assigned to each lesion identified in the 
16 segments of the coronary tree with greater than 50% 
diameter narrowing in vessels with a diameter greater than 
1.5 mm. The SYNTAX score may help identify patients at 
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FIGURE 5. Patient outcomes in the SYNTAX (Synergy Between PCI With TAXUS and Cardiac Surgery) trial ac-
cording to treatment group and SYNTAX score. A, Death from any cause, stroke, or myocardial infarction; B, 
follow-up revascularization; C, major adverse cardiac or cerebrovascular event (MACCE); D, low SYNTAX score; 
E, intermediate SYNTAX score; and F, high SYNTAX score. CABG = coronary artery bypass grafting; PCI = percu-
taneous coronary intervention.
From N Engl J Med,124 with permission. Copyright ©2009 Massachusetts Medical Society. All rights reserved.
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low or intermediate risk who may be appropriately treated 
with PCI with at least equivalent outcomes as CABG. In 
contrast, patients determined to be at high risk on the basis 
of their SYNTAX score were shown to have fewer major 
adverse cardiac and cerebrovascular events when assigned 
to CABG rather than PCI (Figure 5, D-F). The final ver-
dict in regard to the SYNTAX trial awaits the long-term 
(5-year) follow-up data.
 Thus, the method of choice for revascularization de-
pends on the angiographic characteristics of the lesions 
causing ischemia, LV dysfunction, comorbid conditions 
and suitability of the patient for surgery, likelihood of tech-
nical success with PCI, quality-of-life expectations, and 
patient preference. The advantages of PCI include lesser 
invasiveness, no need for general anesthesia, less postpro-
cedural morbidity, and a shorter hospital stay. Coronary ar-
tery bypass grafting has the advantages not only of bypass-
ing chronic occlusions and complex stenoses but also of 
achieving complete revascularization by bypassing not only 
“culprit lesions” but “future culprits,” making fewer addi-
tional revascularizations necessary (Figure 6).125 However, 
CABG is associated with increased postoperative morbid-
ity, including stroke, a longer period of hospitalization, and 
a slower return to normal activities (up to 6 weeks). In cur-
rent practice, CABG is often the preferred method of revas-
cularization in patients with high-risk left main, 3-vessel, 
or 2-vessel disease with substantial (especially proximal) 
LAD involvement and LV dysfunction, particularly in pa-
tients with diabetes.76,126 For some patients with left main 
disease, particularly osteal lesions, increasing data suggest 

that PCI may be an alternative to CABG.127 Coronary artery 
bypass grafting is often preferred in patients with chronic 
total occlusions and multiple complex (class C) lesions.126 
Most patients requiring revascularization who have lesions 
amenable to PCI and do not fulfill the above criteria under-
go PCI rather than CABG. When PCI is the chosen method 
of revascularization, DESs are usually preferred because of 
the decreased rate of in-stent restenosis and need for target 
lesion revascularization compared with BMS. However, in 
patients in whom long-term dual platelet therapy may be 
problematic (because of bleeding or financial issues), BMS 
may be the stent of choice. The relative indications for PCI 
vs CABG are part of a changing landscape, as technologies 
of PCI and CABG continue to evolve.

alteRnative theRaPies foR RefRactoRy angina

Some patients have CAD with intractable angina despite 
maximum medical therapy and may not be candidates for 
revascularization. One option for these patients is spinal 
cord stimulation, in which an electrode is inserted into 
the epidural space at the C7-T1 level. This electrode 
stimulates axons in the spinal cord that do not transmit 
pain so as to reduce input to the brain of axons that do 
transmit pain (gate theory). Spinal cord stimulation has 
been shown to decrease angina frequency by up to 80%, 
decrease CCS score, and improve quality of life.128 One 
study showed spinal cord stimulation to be noninferior 
to CABG for quality of life and survival after 5 years of 
follow-up in patients with refractory angina.129 Additional 
trials are needed.

Diffuse disease
Chronic total occlusions

Complete
revascularization

PCI CABG

Lesion Vessel

Future culprits

Secondary
preventionTargets

FIGURE 6. Revascularization of future culprit lesions with coronary artery bypass grafting 
(CABG). PCI = percutaneous coronary intervention.
From Lancet,125 with permission from Elsevier. Copyright ©2006.
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 Another technique used to treat patients with refractory 
angina is enhanced external counterpulsation. This tech-
nique involves the use of a series of cuffs wrapped around 
the patient’s legs, which are inflated with compressed air in 
sequence (distally to proximally) during diastole so as to 
propel blood back to the heart. Enhanced external counter-
pulsation is administered as 35 one-hour treatment sessions 
over the course of 7 weeks. The proposed mechanisms of 
action are reduced myocardial demand, improved myocar-
dial perfusion, and improved endothelial function.130 This 
technique also reduces the frequency of angina and/or the 
CCS class in up to 80% of patients, extends time to exer-
cise-induced ischemia, improves quality of life in patients 
with symptomatic CAD, and is generally well tolerated.131

 Another technique that has been used for refractory 
angina is transmyocardial laser revascularization, which 
creates small channels from the epicardial to endocardial 
surfaces of the heart with a laser using a surgical approach. 
The mechanism of action of laser therapy is incompletely 
understood, and multiple randomized trials have failed to 
demonstrate an increase in survival. The lack of survival 
benefit for transmyocardial laser revascularization high-
lights the important role of the placebo effect in reducing 
angina with this now rarely used technique.132

 Intramyocardial bone marrow stem cell injection is 
currently being investigated as a new therapeutic option 
for patients with chronic ischemia who are ineligible for 
revascularization. Bone marrow mononuclear CD34+ stem 
cells, harvested from the iliac crest or by leukapheresis af-
ter granulocyte colony–stimulating factor, are injected into 
the ischemic myocardium.133,134  In a small randomized pla-
cebo-controlled study, myocardial injection was found to 
be safe and to be associated with a modest but statistically 
significant improvement in myocardial perfusion, LVEF, 
exercise capacity, and CCS class. This technique is still in 
the experimental stages, and further studies are required to 
assess long-term results and efficacy for reducing mortality 
and morbidity.

CONCLUSION

All patients with stable CAD require comprehensive and 
aggressive control of risk factors. An initial trial of medical 
therapy alone is appropriate in most patients with chronic 
stable angina and is the cornerstone of treatment for chronic 
CAD. Persistent symptoms, the magnitude of the ischemic 
burden, or drug intolerance should drive decision making 
regarding subsequent revascularization. Ischemia should be 
established with a noninvasive stress test before angiogra-
phy. In patients undergoing angiography without a previous 
noninvasive stress test, FFR may be used to make appropri-
ate decisions regarding revascularization, but the technique 

requires experience and is not widely used in many catheter-
ization laboratories. Revascularization with PCI or CABG 
is a very effective treatment for CAD, but only when per-
formed on targeted culprit stenoses that are hemodynami-
cally relevant or causing ischemia. The method of choice 
for revascularization depends on the angiographic charac-
teristics of the lesions causing ischemia, LV dysfunction, 
comorbid conditions, suitability of the patient for surgery, 
and likelihood of technical success. The physician’s ultimate 
decisions regarding patient care must incorporate current 
evidence-based medicine as well as the patient’s preferences 
and quality-of-life expectations.
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